The solid-state structure of the complex para-sulphonato-calix [8] arene -dimethylammonium -dimethylformamide shows the para-sulphonato-calix [8] arene anion in a pleated cone conformation with the inclusion of four dimethylammonium cations and the dimethylformamide positioned exo to the macrocycle.
INTRODUCTION
The calix[n]arenes due both to their ease of synthesis and selective chemical modification, [1] and their ability to complex with a wide range of substrates ranging from ions, [2] through small molecules, [3] to bio-active molecules, [4] and even to proteins, [5] are one of the most widely studied classes of organic host molecules [6] .
Of growing interest over the last ten years has been the bioactivity of these molecules, [7] and in particular the water soluble calix [n] arenes where the greatest focus has been on the para-sulphonato-calix [n] arenas [8] . These molecules and their derivatives show strong selective binding for the amino-acids, [9] and for certain peptides, [10] more importantly they bind to proteins such as the Serum Albumins, [5] and the Prion protein [11] . In the last case the binding leads to enhanced detection of the pathogenic form of the prion, [12] responsible for such neurodegenerative diseases as Bovine Spongiform Encephalitis, Scrappie and nv-Creutzfeld Jacobs Disease in humans [13] . The amplification of the detection of the prion increases with the size of the macrocycle, thus para-sulphonato-calix [4] arenes<para-sulphonato-calix [6] arenes < para-sulphonato-calix [8] arenes.
There is thus considerable interest in the determination of the structures of the para-sulphonato-calix [n] arenes and their complexes in the solid-state.
While para-sulphonato-calix [4] arenes have been widely studied, the solid-state properties of p-sulphonato-calix [8] arene (C8S) have been much less exploited due to its more challenging chemistry and the inherent difficulties in obtaining single crystals and authentication using X-ray diffraction data, coupled with their higher conformational flexibility. para-Sulphonato-calix [8] arene has theoretically a much larger molecular cavity than its smaller analogs and thus has great potential for enveloping large spherical guest *Address correspondence to this author at the Institut de Biologie et Chimie des Protéines, UMR 5086, CNRS, Université Lyon 1, 7 passage du Vercors, F69367 Lyon, France; E-mail: aw.coleman@ibcp.fr molecules such as fullerenes [14] or globular shaped metal complexes in water soluble thin films, [15] in catalysis and ion transport, [16, 17] or acting as a surfactant for nanoparticle stabilization, as well as its potential for protein complexation. Indeed models of certain sulphonato-calix [8] arenes show molecular diameters of 3 nm and above, comparable to small proteins [18] .
The first structural study of para-sulphonatocalix [8] arene was reported by Raston et al. in 2005 [19] . The parasulphonato-calix [8] arene molecule adopts a "pleated loop" conformation induced by the guest, 4,4'-dipyridine-N,N'-dioxide, here para-sulphonato-calix [8] arene does not possess a substantial molecular cavity and the conformation is similar to that found for para-tert-Bu-calix [8] arene, [20] and para-H-calix [8] arene [21] . In the presence of tetraphenylphosphonium and trivalent ytterbium cations, parasulphonato-calix [8] arene forms large 2D porous structure [19] . The structure is complicated, consisting of pseudo molecular capsules of C8S forming an overall layered structure where the calixarenes are in bilayer arrangement. There are two kinds of criss-crossed large channels filled with water molecules and aquated ytterbium cations forming 2D porous structure.
para-Sulphonato-calix [8] arene has been shown to form chalice-like cavity for the solid state inclusion of coordination complex tris(phenanthroline)cobalt(III) ([Co(phen) 3 ] 3+ ) in the presence of trivalent ytterbium cations [22] . The encapsulation of globular shaped [Co(phen) 3 ] 3+ cation results in a disruption of the calixarene hydrogen bond network associated with the phenolic moieties, and the wrapping of the flexible host around the guest Here, the conformation of the para-sulphonato-calix [8] arene is best described as a distorted version of the pleated loop conformation, with the phenolic hydrogen bond network breaking down such that a C 2 symmetrical chalice is formed that is similar to that found for a bismuth cluster complex of a p-tert-butylcalix [8] arene [23] . The lower rim of the chalice is 'stitched' together through the two hydrogen bonding interactions between the sulphonate group from one ring and phenolic oxygen atom from another ring in alternate conformation. The preorganisation requirement of the calixarene in forming the complex results in the formation of large diameter, negatively charged channels within the crystal lattice.
In the complex with bulky 1,2-cyclohexanediamine psulphonato-calix [8] arene adopts an inverted double cone conformation with two identical partial cones occupied by two guest cations. For the linear 1,4-butanediamine the host is in a conformation of almost planar macrocyclic rings with grooves occupied by elongated 1,4-butanediammonium cations. In the case of 1,4-butanediamine omplex assembles with channels are occupied by disordered methanol molecules are formed. However, perpendicular to these channels, two sets of cavities are generated. The first set of cavities represent channels of an oval geometry containing one butanediammonium cation in a folded conformation and disordered methanol molecules. The cavity walls are formed mainly of sulphonate groups and are therefore highly hydrophilic. The second set of square cavities intersects and connects the first set. The butanediammonium cations in an elongated form are located within these cavities, with the ammonium head groups pointing out of them. Calixarene molecules are held together via C-H O hydrogen bonds between methylenic bridges and sulphonate groups (distances from 3.33(4) to 3.55(3) Å) [24] .
It would appear that size or/and shape of the guest has the capacity to influence the shape of the para-sulphonatocalix [8] arene cavity adopted in the solid state. The mutually induced fit in host-guest complexes between conformationally flexible para-sulphonato-calix [8] arene and photolabile cholinergic ligands has been observed in solution [25] . Both the host and the guests adapted to each other and selected the higher energy but correct geometric conformers so that the guest could fit favorably into the cavity of the host to give diotopic binding of both the aromatic ring and the cationic ammonium moiety of the guest (guest host complex Fig. 1 ). This system with mutually induced fit represents an original example of adaptive supramolecular biomimetic chemistry. In this paper we present the soild-state structure of parasulphonato-calix [8] arene with dimethylammonium cations.
RESULTS AND DISCUSSION
The crystallographic data for the complex of parasulphonato-calix [8] arene with dimethylammonium cations, derived from breakdown of dimimethylformaide used as the crystallization solvent, are presented in Table 1 . The asymmetric unit consists of half of the para-sulphonatocalix [8] arene molecule in the form of an anion carrying four negative charges, four dimethylammonium cations named as X, Y, Z and W, and one DMF molecule (Fig. 2) . para-Sulphonato-calix [8] arene adopts a conformation (Fig. 3) in which three of the phenolic rings point up from the mean plane of the molecule, three point down and the other two phenolic rings are self-included in the macrocyclic cavity forming intramolecular hydrogen bonds between phenolic oxygen atoms acting as donors and sulphonate oxygen atoms acting as acceptors with the distance of 2.855(6) Å. In this conformation the typical hydrogen bonding between vicinal hydroxyl groups does not exist.
+
This centrosymmetric para-sulphonato-calix [8] arene conformation provides two pairs of identical binding sites for two dimethylammonium cations, W and two other dimethylammonium cations, Y leading to 1:4 host-guest inclusion stoichiometry (Fig. 4) . Fig. (2) . Asymmetric unit of the para-sulphonato-calix [8] arene complex with dimethylammonium (symmetry-generated atoms in green).
Hydrogen bonding data is given in Table 2 . Cations Y are located in the identical grooves formed by two phenolic rings pointing up and two phenolic rings pointing down and form hydrogen bond between ammonium nitrogen atom and sulphonate oxygen atom of the host with the distance of 2.820(7) Å. Cations W are situated between two included phenolic rings on each side of the macrocycle and form hydrogen bonds to the oxygen atoms of two sulphonate groups of 2.780(7) and 2.847(7) Å. The complexation is additionally stabilized by C-H O hydrogen bond (3.446(9) Å) between methyl carbon atom of the cation W and one of the phenolic oxygen atom of the host. Fig. (4) . Inclusion complex of para-sulphonatocalix [8] arene with dimethylammonium cations.
The cations X and Z are complexed between the neighboring para-sulphonato-calix [8] arene molecules by N-H···O hydrogen bonding. Both cations form one bifurcated hydrogen bond with two sulphonate oxygen atoms and one normal hydrogen bond also with sulphonate oxygen atom. The network of hydrogen bonds generated by all four crystallographically independent dimethylammonium cations is presented in Fig. (5) .
As shown in Fig. (6) , the overall structure reveals the layered character of the packing. There are no distinct hydrophobic and hydrophilic layers in the structure. The struc- . (3) . para-Sulphonato-calix [8] arene conformation in the dimethylammonium complex: (a) top view; (b) side view. ture is stabilised by a number of C-H··· interactions, given in Table 3 .
CONCLUSION
In the complex with the small dimethylammonium cations para-sulphonato-calix [8] arene adopts an intermediate conformation between the double inverted cone and the almost planar macrocyclic ring with three of the phenolic rings pointing up from the mean plane of the molecule, three pointing down and the other two of the phenolic rings being self-included in the macrocyclic cavity. In this conformation typical hydrogen bonding between neighboring phenolic (1) -x,-y,-z-1; (2) x-1,y,z; (3) x-1,y+1,z; (4) -x+1,-y,-z; (5) x+1,y-1,z; (6) x,y+1,z; (7) -x,-y+1,-z. 
